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REGULATORY GUIDE 1.104
SINGLE-FAILURE-PROOF QVERHEAD CRANE
HANDLING SYSTEMS FOR NUCLEAR POWER PLANTS

A. INTRODUCTION

General Design Criterion 1, “Quality Standards and
Records,” of Appendix A, “General Design Criteria for "Domestic
Nuclear Power Plants,” to 10 CFR Part 50, A |
of Production and Utilization Facilities,” requires that
structures, systems, and components important to safety
be designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the
safety function to be performed. General Design Cri-
tericn 2, “Design Bases for Protection Against Natural
Phenomena,” requires that structures, systems, and com-
ponenls important to safety be designed to withstand
the effects of natural phenomena such as earthquakes.
General Design Criterion S, “Sharing of Structures,
Systems, and Componeats,” prohibits the sharing of
structures, systems, and components impertant to safety
among nuclear power units uniess it can be shown that
such sharing will not significantly impair their ability to
cerform their - 'y functions. In addition, General
Design Criterion. .., “Fuel Storage and Handling and
Radiosctivity Control,” requires, in part, that fuel |

storage and handling systems be desim to ensure d
ddequace safety under normag‘accx eat conditions. &n

Reguiatory Guide 1.13, “Spent Fuei Storage
Faclity Design Basis,” describes methods acceptable
to the NRC staff for complying with the Commission’s
regulstions with regard to the construction of spent
fuel storage facilities and load ‘handling systems.

e

Appendix B, “Qualitx Assurance Criteria for Nu-
clzar Power Mants and Fusl Reprocessing Plants,” to 10
CFR Part 50 raquires, in part, that measures be estab-
lished to ensure control ofdesign, materials, fabrication,
special processes; instailation, testing, and operation of
Structures, sysisms, and componsnts important to
safety, including crane handling systems. Section 50.55a,
“Codes ard Standards,” of 10 CFR Part 50 requires that
design, fabrication, installation, testing, or inspection of

781128000

e



with generally recognized codes and standards. -0r a reactor vessel head

A critical load is a load of magnitude or
kind that under certain conditiomns, if
dropped, could result in damage leading to

unacceptable release of radioactivity
(generally taken as more than about 25%

of 10 CFR Part 100 valves) or could impair

’ the capability to safety shut down the plant.
B. D ON Description of

This guide is applicable to polar cranes in-
Overhead crane handling systems are often used for side the containment building only /f loads
handling critical items at nuclear power plants The | / f /1)) 4o handled while there is fuel in the
handling of critical loads such as a spent fuel cask;} e finipag
the possibility of W to“d; “::ly ':ll-‘“dm Specifically excluded is handling equipment
Wrucnins, 20d equipment s e used to effect movement of single fuel

which ansported should the handling
:!utln:nmﬂ'n ) ;m'n or malfunction during this assemblies between the reactor and the
storage facilities.

handling period. Definitions—ef items or
loads should be submitted in the PSAR. Handling of critical loads for HTGR plants
will be evaluated on a case by case basis.

The safét al"“\.‘- ;ducal loads can Ne sccom The single-failure-proof features for cranes

plished by adding safety features to the handling equip- identified in this guide are limited to the
ment, b!'ddﬁl special features to the structures and hoisting system and braking systems for

areas over whiclr'the critical load is carried, or a combin- trolley and bridge. Other loadbeariag items
ation_oft the:two, thus enabling these areas to withstand such as girders should be comservatively

the effects of a load drop in case the handling equipment designed but need not be considered single-

fails This guide covers critical load-handling equipment failure=proof.
for those plants where reliance for safe handling of cn-

tical loads il be placed on the overhead crane system

- ing it single failure proof. The general value of existing standards is

recognized and reliance is placed on quality

A -/ levels indicated in Cs.\t.A.A Specification
A #701 and ANST 830.2.0% standards.
De«gn Criteria

(see page 2a)

1
; Copies may be obtained from Crane Manu-
facturers Association of America, 1326

Freepcrt Road, Pittsburgh, Pennsylvania
15238

—2

Copies may be obtained from the American
National Standards Institute, 1430 Broad-
way, New York, New York 10018
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A single-failure-proof crane should be de-
signed to handle the maximum critical load
(MCL) that will be imposed. However, a
slightly higher design load should be select-
ed for components that are subject to degrada-
tion to provide a margin in the crane's load
handling ability before it drops below its
MCL capacity. An increase of approximately
15% of the design load for these parts would
be an acceptable margin. The MCL rating
should be marked on the crane.

Certain single~failure-proof cranes may be
required to handle occasional non-critical
loads of magnitude greater than the MCL during
plant maintinance periods. For such cases the
maximum non-critical load will be the design
rated load (DRL). The design of certain com-
ponents may be determined more by the MCL
rating even though standard commerc,al prac-
tice may be used. The DRL rating should be
marked on the crane seperately from the MCL
marxing.



When an overhead crane handling system will be
used during the plant construction phase prior to its
intended service in the opom% plaat, umie Fert‘ox- - 2ay be
mance specifications ase,nee o retlect ty y
cycles and loading requirements for each service. At the
end of the construction period, changes to the crane
system may be required to reflect the specifications for
the permanent operating plant condition. For example,
if the specifications for the size of the hoist drive motor
differ sufficiently for the two applications, the motor
and the affected control equipment would have to be
replaced or changed for the operating plant phase. Fea-
tures and functions needed for the cranes during the
plant ccnstruction period are not considered in this
guide except where the use of the crane may influence during construction
its design and operation for the permanent plant opera-
tion.

Overhead cranes may be operating at the time when
an carthquake occurs. Therefore. the cranes should be
designed to retain control of and hold the load, and the
bridgs aad trolley should be designed to remain in place
on heir respective runways with their wheels prevented
from leaving the tracks during a seismic event. If a
seismic event comoarable to a safe shutdown earthquake
(SSE) occurs, the bridge should remain immeniieon the with brakes applied
runway, and the txodey Wrh—taad- ShOUId remaln - with brakes applied

mebde On the crane girders,

each
Since sH-theycrane loading cycleg will produce cyclic
stress, it may be necessary to investigate the potential If
for failure of the metal due to fatigue. %ﬁﬁm Wil 4uring
be used $erathe construction period, it will experience

additional cyclic loading, and these loads should be
added to the expected cyclic loading for the permanent
plant operation for the fatigue evaluation.

*izterials and Fabrication
Bridge and troliey structures are generally fabricated

by welding structural shapes together. Probiems have 7 through~-thickness strength of the material
been experenced with weld joints between rolled struc-

tuzal members. Specifically, subsurface lamellar tearing When weld joints are carefully designed and
huas occurred at the weld 2ints during_ fabrication and / fabricated, lamellar tearing is not expectead
taeg . f3s thus been re to occur, but for certain weld joints it
Ju‘;;x.ﬁxuu-‘mph,’ Or w.trasonic inspection, is ippro- may be necessary to examine the joint by

TTde, e velttotnie—mmneidtnin- 10
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ersuse the absence of lameliar tearing in the base metal  (less than 5% total alloy content)
and the soundness of the weid metal. <Oehes Broblems
with welding of low-alloy steels can occur I the base
metal temperature is not properly controlled during
welding and the postweld heat treatment. Bt

: : Cast iron should not be used for load-bearin;
indi i components such as rope drums. Cast iron
B S PYINTINRI may be used for items such as electric motor
5 frames and brake drums.
Cranes are generally fabricated from structural
shapes and plate rolled from ma ow-alloy steel. \. carbon steal (no alloying elements except for
Some of these steel parts exceed % inch in thicknessand 1% manganese in heavier sectioa)
may have brittle-fracture tendencies

Operatng temper , S0 l
npterial m becomes necessary when exposed to lower

A When low alloy steels are used, weld metal
toughness is more of a concern.
Safety Features

General. Numerous applications have been reviswed However, it may be impractical toperform
by the staif, and the need for inclusion of certain safery ~ tOuBhness tests for cranes that have
features and the rmagnitudes of specific operationa  Progressed too far in the manufacturing
limits to provide adequate safety have been d2termined. sequence or for cranes already built and

operating. Such cranes should therefore

It is important to prevent the release of radio- be tested by subjecting the crane to a test
activity in case of failure, inadvertent operation, mal- 1lift at the lowest anticipated operating
function, or loss of load, and it may be necessary to temperature. It is desirable to include

include special features and provisions to preclude  ¢he cranme manufacturer in the planning of
system incidents that would result in release of radio- the tesc.

activity.

A crare that has been immobilized because of mal-
function or falure of controls or components while
holding a critical load should be able to,set the load —~ 00ld the load or
cown while repairs or adjustments are made This can be
sccomplished by inclusion of features that will permit ‘
manual operation of the hoisting system and the bridge s ,
and troiley transfer mechanisms by means of ameiems Sppropriste
~aeiien-geemergency devices.

A crane handling system includes all the structurai, hooks, blocks,

mechanical, and electrical components that are nesded

to lift and transfer a load from one location to another.

Primary es—peneipa- [0ad-bearing components, 2quip-

ment, and subsystems such as the drivin; equipment, l
2 —’-—-

drum, rope reeving system, control systems, ana bra.cng/{ systems !

-meane-should receive special attention. .

All auxiliary hoisting systems of the main crane
handling system that are employed to lift or assist in

handiing critical loads should e e single-failure-proof . !

i

Hoisting Machinery. Proper support of the rope
diuimg is pececsary to ensure that they would e eevsimrer |

e provenied o Taliag or disenvaging from their



braking and control systein in case of a shaft or bearing
failure. Two mechanical holding brakes in the hcisting
system (raising and lowering) that are automatically ae-
tivated when electric power is off or when mechanically
tripped by overspeed devices or overload devices in the
hoisting system will help ensure that a critical load will
be safely held or controlled in case of failure in the .
individual load-bearing parts of the hoisting machinery. |

Each holding brake should have more than full-load
stopping capacity but should not have excessive capacity
that could cause sudden s of the

hoisting machinery. A
of the

N capmt* e
the -bresiedown- torque developec,] at

point of brake application has bun determined to be
acceptable

Manual operation of the hoisting brakes may be
necessary during an emergency condition, and provision
for this should be included in the design conditions.

Adequate heat dissipation from the brake should be en-
sundm&atdmp@mtmrumr%_/
velocity is permitted to increase excessively,

~ minimum
during the hoisting operation

~ 1t may be necessary to stop the lowering
operation periodically to prevent over-
heating and permit the brake to dissipate
the excess heat.

Portable instruments

monMMn&mﬂmnﬂmm_g/ indicste

=t the [Owering speed. A-Hmitingveloetty—of-—3-—3inm-
B e g
~operaiion.

Component parts of the vertical hoisting mechanism
are important. Specifically, the rope and reeving system
deserves special consideration during design of the sys-
tem. The selection of the hoisting rope which is a “run-
ning rope” should include consideration of size, con-
struction, lay, and means of lubrication jto provide for
the efficient working of the strands and individual wires.
The load-carrying rope will suffer accelerated wear if it
rubs excessively on the sides of the grooves in the drum
and sheaves due to improper alignment or large fleet
angles between the grooves. The load-carrying rope will
furthermore suffer shock 'oading if it is partly held by
friction on the groove wall and then suddenly released to
enter the bottom of the groove. The rope can be
protected by the saslection of conservative fleet angles.
Ropes may also suffer damage due to excessive strain
developed if the eedle- construction and the piick
diameter of the sheaves are not properly selected.
Fatigue siress in ropes can be minimized when the pitch
diameter of the sheaves are szlected large enough to
produce only nominal stress leveis. The pitch diameter
of the sheaves shouid be larger for ropes moving at the
highest velecity near the drum and can be smaller for
sheaves used as equalizers where the rope is stationary. /|
3 :

Equalizers for stretch and load on the rope reeving |
system may be of either beam or sheave type. A dual
rope reeving system with individual attaching points and

i zans tor balancing or distributing the load between the
LW operating rope reeving systems will germit gither
ps system fto hold the critical load .md" -

of (;:! e of the other rope systera.

; transfer the crit

If a malfunction of a holding brake were
€0 occur and emergency lowering of the
load becomes necessary, the holding brake
should be restored to working condition
before any lowering is started.

s 1f any,

Tooe

Protection against excessive
wire rope and fatigue damage can be
ensured through scheduled inspection
and maintenance.

ical load without
excessive shock

e e e S R 1



Selection of hoisting speed is influenced by such
items as reaction time for corrective action for the hoist-
ing movement and the potential behavior of a failed |
rope. To prevent or limit damaging effects that may re- |
sult from dangérous rope spinoff in case of a rope break,

the hoisting speed should be limited. A—s-ipm hoisting D€
speed, : Tope traveling limits indicated for slow operating

speed at the drum is higher than at other points in the Jpeeds in CMAA Specification #70
reeving system, and the potential for damage due to rope are acceptable limits.
flailing and interference with other parts of the system

should be considered. Conservative indus actice
limits the rope line speed to,Z0-fpm-at the drum as 3 1/4 m/s (50 fpm)
conservative approach.

A ~

) A potential failure of a hoist travel limit
by fﬁmgmu’;;‘smr:. °fm‘,;;“spg;"‘i ' switch could result in a "two-block"> inci-
i o P g g4 d:mc adcpu::y dent and cutting or crushing of the wire
ofzmbunnm'mgs mdth&mpgom top.m:inuincomctqalign’ rope. In order to protect the wire rope the
ment of all components. The proper functioning of the reeving syscem- should be designed to preven
hoisting machinery during load handling can best be en- the wire rope from cuts or crushing should
sured by providing adequate support strength and proper a two-blocking incident occur.

alignment of the individual component parts and the
welds or bolting that binds them together. J—

™~ Where gear trains are interposed between

Bridge and Trolley. Failurs of the bridge aad trolley :g:s:olding brakes and the hoisting drum

; gear trains should be single-

travel to stop when power is shut off could result in ¢atiure-proof and be of dusl dest

uncentrolled incidents. This would be prevented if both PROOL TS 08 0F GUAL SARIgh.

bridge and troiley drives are provided with control and

holding braking systems which will be automatically

applied when the power is shut off or if an overspeed or

overlcad condition occurs because of malfunction or

failure in the drive system. Sufficient braking capacity

would be needed to overcome torque developed by the

drive motor and the power necessary to decelerate the

bridge or trolley with the attached load to a compiete

stop. A holding or control capacity of 100 percent of

the maximum torque developed at the point of brake

application would be an acceptable capacity for each
braking systemiﬁrag—type Sraé are subject (o excessive ——~ Mechanical
weur, and the Need for frequent service and repair tends

to make this type of brake less reliable; they therefore

should not be used to control movements of the bridge . ”
and trolley. design and selection of

The travel spesd of the trolley and bridge will in-
fluence the operation of the crane as well as the.2quio- Based on study of

ment desten-end-selsetien. Xumerous crane applcations
. LAY concludad that the the staff

travel speed for nuclear poagg plant aoplication should _ The

E:ﬁ;onservadvel selected A Trolley and bricge speed indicated for slow operating speeds in
5 : — -
e e e

CMAA #70 are acceptable.

Drivers and Controls. Si~the-aste—typrmesoisiotec
e e e Ao
St de e ytte e Compoue: /- 3Two biocking” is the act of continued hoisting in which the

o L-'l . _mm load block and head biock assemblies are brought into physical
iitmpsieiteaue The horsepower contact, thereby preventing further movement of the load
; block and creating shock loads to rope and reeving system.

~o .ol

A
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rating of the driving motor should be matched with the
calculated requirement that considers the design load
and acceleration to the design hoisting speed. Over.

powering of the hoisting equipment would impose addi-

tional strain on the machinery ard load-carrying devices

by mmui.ng the hoisting acceleration rate. Armotorrai-
I " : E Ronibils el

e e

Normally, a crane system is equipped with mechani-
cal and electrical limiting devices to shut off power to
driving motors when the crane hook, troiley, and bridge
approach the end of travel or when other parts of the
crane systera would be damaged if power was not shut
off. It is prudent to include safety devices in the control
system for the crane, in addition to the limiting devices,
for the purpose of ensuring that the controls will return
to or maintain a safe holding position in case of malfunc-
tion, inadvertent operation or failure or ove d and
overtorque conditions., wer and overspeed con-
ditions should be considered an operating hazard as they
may increass the hazard of malfunction or inadvertent
operation. It is essential that the controls be capable of
stopping the hoisting movement within amounts of
movement that damage would not occur. A S=imeh maxi-

mum hoisting movement rwould be an acceptable stop-
ping distance.

Operational Tests

Operational tests of crane systems should be per-
formed to verify the proper functioning of limit switches
and salety devices and the ability to perform as de-
signed. However, special arrangements may have to be
made to test overload and overspeed sensing devices.

Existing Handling Systems

[t may be necessarv to determine the extsnt to
which an existing handling system and the areas in which
the load is transported may require that the crane
handling system be singie failure proof. Therefore, a
detailed inspection may be necessary to determine the
condition of each crane prior to its continued use and o
define the portion of the system that may need
alteration, addition, or repiacament in order to =nsure its
ability to perform acceptable handling of critical loads.

Quality Assurance

Although crane handling systems for critical loads
are not required for the Jdirect operation of a nucisar
power plant, the naturz of their function makes it neces-
sary to ensure that the desired quality level is attained. A
quality assurance prozram should be established to t“-
extent necessary to inciude the recommendations of this

guide tor the design. fabnication, instzilation. testing
.md operation o: crane handling svetems for safe
,nr,..\ ceiriaal “d

e I L.
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#»Electric circuitry design should be
carefully considered so that the controls
and safety devices ensure safe holding of
the critical load when called upon to
perform their safety function. For
elaborate contrcl systems or ultimate
control under unforeseen conditions of
distress ,ag ''emergency stop button"

should be placed at ground level to
reuove power from tiie crane independently
of the crane contiols.

For cranes with a DRL rating much higher
than the MCL rating it may be necessary to
include electrical or mechanical adjustment:
to over-locad sensing devices when changing
from one operation to the other. Such ad- |
justments should be made away from the *
operator cab location and be included in an
adminstrative control program. |

of 8 cm (3 inches)

Maintenance

After installation equipment
usually suffers degradation due to
use and exposure. A certain degree
of wear on such moving parts as wire
ropes, gearing, bearings,and brakes will
reduce the original design factors and
the capacity of the equipment to handlc
the rated _oad. With good maintenance
practice,degradation is not expected to
exceed 152 of the design load rating,
and periodic inspection coupled with a
maintenance rrogram should ensure that
the crane is cestored to the design
condition if such degradation is found.

Essentially, the maximum critical load
(MCL) rating or the crane should be
established as the rated load capacicy,
and the design rating for the degradable
portion of the handl¢ng system should be
identified to obtain the margin avaiable
the maintenance prog am. ]

"
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C. REGULATORY POSITION 8

When an applicant chooses t¢ ~rovide safe handling
of critical loads by making the overhead crane handling
system single-fadure proof rather than by adding special
features to the structures and areas over which the criti-
cal toad is curied, the system should be designed so that

a single fallure wiil not result in loss of the capability of
the handliag sysiem to peresmmiwesiorfometions— — safely retain the load.

,;ﬂvmmd crane handnng systems used for handling  ~ Single-failure proof
criticai loads as Io ur- for plant operation
ing reactor refueling and, diing should be ™ during

designed, fabricated, installed, inspected, tested, and
=~ the requirements of CMAA Specification
cperated in accordance MW #74 . q ANST Standard BSO.Zp and

1. Performance Specification and Design Criteria The

5 = w—-——-should include performance design criteria
> 4pcrfm‘umco. speciﬂcmori,‘ for construction as well as for operation

<pated {Or 2 permanent crane that is to be f:
struction pn‘; to &: f:, plant op:nuonﬂuﬁ%ﬂzlw%%nk-_‘ if the load 1ifts during construction are

design stress limits mﬁmhuvief _than those for plant operatien.
and The sum total of simultaneously applied | for the crane intended for plant operation

not result in stress levels causing permanent deformation, should be those indicated for Class A cranes
other than localized strain concentrationyin any part of in CMAA Specification #70.
the handling system. = (static aad dynamic)

\during either the construction or the

b. The operating environment, including max-
imum and minimum pressure, {temperature, humudity,
and emergency corrosive or hazardous conditions,

operating phase. The effects of cyclic
loading induced by jogging or plugginé’ !

an uncompensated hoist control system
should be specified for the crane and lifting fixtures. should ba fncloded 1o the design
(1) Closed box sections of the crane struc- specification.

ture should be vented to avoid collapse during contain-
ment pressurization. Drainage should be provided to
avoid standing water in the crane structure, maximum rate of pressure increase,

(2) Minimum operating temperatures

should be specified in order to reduce the possibility of In order to ensure resistance to brittl
brittle fracture of the ferritic load ing members of fracture
the crane. Mate or structural members essential to

structural integrity should Bempeettestedwnesan be tested in accordance with the followins
. e impact test requirements.

r =

5
-mmw oined-as-60 F-belowil operating temperature based on the
sesavuse. Either drop weight test per ASTM E- “08 btained by following procedures in
Charpy tests per ASTM A-370 may be used for mgac:/ paragraph NC-2300 of the ASME Code,
testing. The \

Section III.

The minimum operating temperature based on
th

.obtained bv following the procedures in
paragraph ND-2300 of the ASME Code,

~giempesasuid. Allernuiive methods of fracture anal- Section III.

ysts that gchisve un equivzient margin of safety against 4

fracture may be used if they include toughness measure- Jogging is defined as the momentary appli-

ment on 2ach heat of steel used in structural me::‘)crs/ cation of power to the drive motor for the
A ' purpose of promoting a limited movement.

SCopiu may be obtained from the American Plugging is a method of nanua% control E?y

Society for Testing and Materials. 1916 which the power to the motor is reverzed to

Race Street, Philadephia, Pennsylvania achieve deceleration or braking.

19103
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essential to structural integrity. In addition, the fracture q
analysis that provides the esis for setting minimum

operating temperatures should include consideration of

stress levels; quality control; the mechanical checking,

testing, and preventive maintenance program; and the

temperatures ar which the design rated load test is run

relative to operating temperature.

(3) As an alternative to the :ecomrmnda-

gxom of o;d;ﬁontcol'b the —ry for cranes already fabricated or operating

cribed in regulatory position C.4.d. at the time of issuance of this guide

(4) Cranes and lifting fixtures made of
low-alloy stee! such as ASTM AS514 should be subjected

to the caid proof test described in regulatory posiﬁon '
Ca.5 !

s Tae crane should beclessiied—a-Seismie designed and constructed in accordance with

Fomemamet s houd De caDabie of re the man- ?3';1‘“:7 positi~n C.2 of regulatory guide
M'Emﬁgm—‘_m;x vE,
(SSE), altacuch the crane may not be operable after the ]

imum critical
seismic evear The bridge and trolley should be provided

with means for preventing them from tluir tun-
vays with or without the-desiga . ugn ‘ critical
: under 20y seismic excursions. dna' critical

-'.u operatcnal and seismically induced pendulum and
swinging ioad 2ffects on the crane should be considered
in the design of the trclley, and they should be added to
the troilsy weight for the design of the bridge.

4 All weld joints — whose failure could result in the drop of 2
pfor-ioed "-..'"" critical load should be nondestructively
—inepesiodrinoliding—AoRdIIRICEII—IRAMIAGHOR— 0N examined. If any of these weld joint
: Ctho slend-weidmetel geometries would be susceptible to lamellar

. tearing, the base metal at the joints shoulc
e. A fatigue analysis should be considered for be nondestructively examined.

the critical load-bearing structures and components of

the crane handling system. The cumulative fatigue usage

factors should reflect effects of the cyclic loading from

both the construction and cperating periods. jpostweld heate

f. Preheat and pesthest, reatent (stress re-
lisf) temperazures for all weldments should be specified -~ Welds described in regu‘atow positi
in the weld rrocedure., C.1.d should be post-weld heat~trea
lati : ) - - in accordance with Subarticle 3.9 o
B e ANS D1.1 ‘Structural Welding Code’®
Rt

2. Safety Features

on
on
ac
— -

L2 T

a. The automatic controis and limiting de-
vices should be designed so that, when disorders due to 2
inadvertent opond?:componem mallunction, Of Gis- SPEre9T waiiom,
arrangement of subsystem coatrol functions occur sin assu.ing no components have failed
or in combination during the load handling and fesiuse
“ree—mat-mesienad ([ STHRes, SUDSVIIEMS Sfeeieonsii N any
these disorders will not prevent the handling system
from WMM

stopping and holding the load. An
emergency stcp button should be added 1:
the control sta;ion to stop all motion.

£ OR
opies I 'nay n t:uqed f£rom the
: ABEricap e SO ISR, Fla 33125
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b.  Auxitiary muﬁ‘!‘m&!ﬁ%__—- for the main hoisting mechanism
—————eid should be provudcd s0 that. in case o

subsystein or component faﬂm. the lcad will be
retained and held in 2 stable or immobile safe position.

¢. Means should be provided for using the de-
vices required in repairing, adjusting, or replacing the
falled component(.) or subsystem(s) when failure of an
ictive component or subsystem has occurred and the
load is supported and retained in the safe (temporary)
position with Uuhaudlhgsymmhmbilo.Asm alter-

native to repairing the transferring

hoisting
its

Mmdtomplﬂuloadvmihthnpdnmm

d. ‘The design of the crane and its operating

area should mdgw.m__ or safe shutdown
safe operation,of the reactor “r&‘Mﬁ—- cause unacceptable release of
when corrective repairs, replacements, and adjustments

are being made to place the crane handling system back
into service after component failure(s).

3. Equipment Selection R The load-block assembly should be provided

g = v e et with two load-attaching points <¢hocks or
. - other means) so designed
e tidineavrded-asse ol the-load-alotieate e
“Bevaneit-cesiagnedee that each attaching point will be

able to support a stesie load of, 3 times the load (static and dynamic) being
without permanent cetormation of handled.

any part of the load block assembiy other than localized
strain concentration in areas for which additional mate-
rial has been provided for wear.

b. Lifting devices that are attached to the shcls. sl
ioad block such s lifting beams, yokes, ladle or trunnion e gn

type hooks, slings, toggles, and clevises should be % s 2
with dual or auxiliary device or combina- or selected

tons thereof. Each device should be designed o support
Awtaive-ioad of 3W without permanent ﬁiomnuon 3 times the 108d fyratic and dynamic)
being handled

¢. . The vertical hoisting (raising and lowering) ~~ Part of
mechanism which uses rope and consists of uppct
sheaves (head block), lower sheaves (load block), and
fope reeving sysiem, should provide for/Tacammaiy. G2-
signed dual noisting means. Maximum hoisting speed

d. The head and load blocks should be de-
signed to maintain a vertical load balance about the cen-
ter of lift from load block through head block and have
a resving system of dual design. The ioad block should
maintain alignment and a position of stability with
either system being able to supportSWewithin the break. " Pl ot :
ing sirength of the rops mnd m;amn lead stability and 3 times 't ‘e Toad [static and dynamic)
vertical alignment from center of head block through ail being handled
“0 sting components through the center of gravity of the

10ad,

conservatively

for the critical load should be limited to
that given in the "slow” column of Fig. 70-6
of CMAA Specification #70.




/

e. Design ¢” the rope reeving system(s) should
be dual with each system providing sepatately the load
balance on the head and load blocks through configura-
tion of ropes ind rope equalizer(s). Selectich of the
hoisting rope or running rope should include considera-

tion of the size; construction, lay, and means or of , if required,
mbmauon,mm?vmmrﬁﬁm—

dual wire strands when each section of rope passes over

the individual sheaves during the hoisting operation. The

effects of impact loadings, acceleration, and emergency

stops should be .acluded in selection of rope and reeving

systems. , The maximum load ( including static and

L ope e sesomparable dladlicaton. | inertia forces) on each wire rove in the
*“WW _ dual reeving system with the maximum
~muR-design-speed- with-the-desimrrated-te - suouid critical load attached should not exceed
WWM -10% of the manufacturer's published
Seength—Line-speed-duringhoisting{raising-or-fowering) breaking strength wm all ropes intact
“ouidast et iy in aceardance with ANSI 830 2,

f.  The maxdimum flest angle f or between individual sheaves
lcad sheave in the load blockshould not exceed Swver 0.061 radians (3-1/2 degrees)
e houd e

degrees at any one point during hoistin except that for the last 1 m (3 feet) of

hed ; : hofi ll..lhlu'l g iII’ maximum lift elevation the fleet angle may
A A S - DA S e e athe iacrease slightly. Use of reverse bemds’ |

4quaLizesifasheave-0qualides—it-uiedr-Tho-ost-angios for running wire ropes should be limited an«

the use of larger sheaves should be

: vdividuaiss ; houl
~+=r-degrees. Equalizers may be of tie beam or sheave considered for those applications where a
type or combinations thereof. Ferthe-recommended-6-¢ disproportionate reduction in wire rope
: ; e pitch diameter of,,‘\ fatigue life would be expected from the use

of standard sheave diameters for reverse

R e e T NPty bends.
—diametor—foroauaniem Ao W‘ =running sheaves and drums should be selecte
Bt L Lt PP NP N PO N in accordance with the recommendations in
R T DTS NS AV AN CMAA Specification #70.
A PR o acae-side. The Cual reeving

system may be a single rope from each end of a drum

terminating at one of the blocks or equalizer with po-

visions for equalizing*beam type load and rope stretch,

with each rope designed for the total load, or a 2-rope

systam may be used from 2ach drum or separate drums

using a sheave equalizer or beam equalizer, or any other

combination which provides two separate and compiete

reeving systems.

8. The portions of the vertical hnisting system
consponents, which include the head block, rope reeving
system, load block, and dual load-attaching device
should _each be designed to . . oad ot 200%% o"k support a static

B e " the mastimum critical laad.
e e et e e hook
TR A S A e e bt s - p 7+ A "reverse bend" is a configuration of

: : eals . /f two sheaves each providing 1,537 radians !
=soments. A 200% static-type load test should be per- / (90°) wire rope bends with the two adjacent
formed for SACH ereeving—isiom—and—a- [020-1ttaching £ planes of bending intersecting 3t an angl;

it bambane o asurements of the greater than 2.09 radians (120Y). Two i
o successive bends in the same direction and
A in the same plane and not reversed have an

angle of 0°. Two bends in opposite direction
in the same plane (reverse “end) have an
angle of 1800,



/.
stometric coatiguration of the hooks B4
I ve made befors and after the test and should bc fol-

.sga:eg[ a nondestructive examination that should con- volumetric and surface

w examinations to verify
the soundaess of fabrication and ensure the mtgw of .~~~ the hooks.
thrpermen-ol-the-honeingrystem., ts of exami- The load blocks should be nondestructively

nations should be documented and recorded. fos—ae examined by surface and volumetric
e b o bt techniques.

R in the motor control circuits
and respond to

loadismg, md overtravel. Con provi excessive

absorb the kinetic energy of the mg mchmcg and excessive motor

stop the hoisting movement, reliably and safely
hohes-of-vertiea-teavel- through a combination of elec-

trical power controls and mechanical braking systems

and torque controls if one rope or one of the dual reev-

) A power disconnect switch should be provides
ﬁg&:‘? ’h%“‘ﬁ:io}i oading or an overspeed P near the operator station at ground level

if the crane operation is radio controlled.

i. The control systems should te designed as
a combination of electrical and mechanical systems and
may include such items as contactors, relays, resistors,
and thyristors in combination with mechanical devices 2 ]
and mechanical braking systems. Fhe—stectrie—eantrois If the crane is to be used for lifting
fuel 2lements, the contrnl system should
be adaptable to include interlocks that
will prevent trolley and bridge movements
while the load is being hoisted, as may
be recommended in Regulatory Guide 1.13

- 8

{ erer-sheoald-not-be-used The control system(s) pro-
. vided should inclede consideration of the hoisting
(raising and lowering) of all loads, including the mes-
~muemdosien-rated load, and the effects of the inertia of

the rotating hoisting machinery such as motor armature,

shafting and coupling, sear reducer, and dru .

/
/ during
[

~As an alternative, the protective control

/ system to prevent the hoisting system from
two blocking should include,as a mianimum

/ two independent travel limit devices

/ of different designs.and activated by
separate mechanical means. These devices

should deenergize the hoist drive motor and

o jo The mechanical and structural components /
of the complete hoisting system should have the re- /
quired strength to resist failure if the hoisting sv:tem/
should “two block” or if “load hangup" ¥ TROUIT Gecur
duting hois ag. The designer shouid provide means
within the reeving systemn located on the head or oa the
load hlock combinations to absorb or control the kiaetic / /

energy of rotating mnc.‘un'ry the inci of / the main power supply. The
two blocking or load & agup.,The location of mechan- e g
oy hc?cdmggbr;kgamd g:‘; Aol bt ol protective control system for load hangup,
positive, reliable, and capabie means to stop and hold a part of overload protection in regulatory
the hoisting drum(s) for the conditions dcscribed in the position C.3.h, should consist of load |
desizn specification and regulatory positions ! and 2. cell systems in the drive train or motor- l

|
§

load-limiting devices.

\

é A e - L capability to withstand the
e e S e e e
soad-blont Sbasdie N : e -
e e O A b R A L]
et A cotopesnd b

\
8"1Loal hangup” s the 1ot in which the load block and/or load is
J:p‘l during howling by <ntanglement with fixed objects
e by cverloading the hoisting svstem.

This should mdudc' the maximum forque of tae ‘..vmg\ current sensing devices or mechanical

T T



The auxiliary hoist, if supplied, .
motor if 3 malfunction occurs and power to the driving f should be equipped with two irxdeperxdeét3
motor cannot ve shut off. travel limit switches to prevent two

| blocking.

k. The lcad hoisting drum on the trolley
siiould be provided with structural and mechanical limit the drop of
safety devices 1o peovent, the UM Hem—aiossing, e M-
disengaging from its holding brake system, orsotatung+ :\_ e Ao

the drum er-eny-porttonof+te shaft or bearings shewid- should
fail or fracture.

L. To preclude excessive breandown-torque,  — Grive motor
the hesepower, reang Of e electnc motor drive for ~ maximum torque capability
hoisting should not exceed [ HOR-oi-the-saiowietod—de- _ —~ the rating or capability of the individual

shs-hormepowe: required to hoist the desigR-sated components of the hoisting system
at the maximum design hoist speed.

maximum critical
m. The minimum hoisting braking system
should include one power coatrol braking system (not
mechanical or drag brake type) and two meehenies:
holding brakes. The holding brakes should be getiweted — aPplied
when power is off and should be automatically smeehani- applied
—akbyipemed 0N OVE to g posit ~ if a
malfunction occurs sn-the-sleeinea-srale-contrels. Each
holding brake should Sedemgmedtotooi-to0oi+he — have a torque rating not less than 125% of
i i- torque at point of application (lo- the full-load hoisting

maxizum deusloped:
cation of the brake in the mechanical drive). The mini-
U seetan—toquiremens. g systems that ﬂ‘—\numbor of
be operable for emergency lowering after a single brake should
failure should be two holding brakes for stopping and

controlling drum rotation. Provisions should be made for

manua! operation of the holding brakes. Emergency

brakes or holding brakes which are to be used for

. s . Consideration may be given to a procedure
man f tion with
;.’_‘;l“::ladmmf fs‘t:lou:d ble capable o opemuxo:n . whereby alternate manual lowering and holding
dissipation, Dea ion *using may be used to allow time for cooling the

e : s brake. '

R et e s Lt —tie-
I . -io-10es-than-Svi-fpmm | An indicator of lowering speed should be

used during emergency lowering.

n. [Thc dynamic and static alignment of all .
hoisting machinery components inciuding gearing, s{ul‘t- The holding brake system should be single- !
ing, couplings, and bearings should be maintained  f£3i)yre-proof; i.e., any component or gear trair
throughout the range of loads to be lifted, with all com- should be dual if interposed between the

ponents positioned and anchored on the trolley ma- holding brakes and the hoisting drums.
chinery platform.

o. lacrement drives for hoisting may be pro- If jogging or plugging 1is to be used, the
vidad by stepless controls or inching motor drive. B control circuit should include features to

Wﬁmﬁﬁmﬁm prevent abrupt change in motion.

e e e b e e e ey e
B e : intd (0 the electncakpower ™ Drift pointg
systam when sequised for bridge or troiley movement

should be provided only for the lowest operating speeds. " provided ‘

p. To avoid the possibility ci,.' overtorque . —~drive motor
withir the control system, the hewmsescss —sating Of the maximum torque capability
'&*WW.,' o e s AR s s ot
e b e - e i ettt

g'd-i-i-u,(;)\.nrz i ihe lowest 22a2e of movement controd at vhich
powar 13 on, brakes are off, 'ad motors arz not cnemgized.



driving motor and gear reducer for trolley,and bridge ~~ motion / ‘/
mo'j.on e i o sl shpul s c:f:::" the capability of gear train and brakes
mum speed with design rated load attached. Incremental to stop the trolley or bridge from the
or [ractional inch movements, when required, shouid be

provided by such items as variable speed or inching

motor daves. Control and holding brakes should each be

rated at 100% of maximum drive torque 3T The pomt of _ -hat can be developed

application. If ‘wo mechanical brakes, one for control

and one for holding, are provided, they should be ad-
justed with one brake in each system

B ke -
end-beidge leading the other and should be activated This applies to both trolley and bridge.
release or shutoff of pom."ﬁo Brakes should aso a

mechanically tripped to the “on™ or “holding” position

in the event of a malfunction in the power supply or an

overspeed condition. Provisions should be made for

maaual,Operation o es. olding brake sho Ty

be designed so that it cannot be used as a foot-operated N

slowdown brake. Drag brakes should not be used. O driven
site, on bndge or that support bridge or
trolley on their runways should be matched and have The speed limits indicated for slow

mﬁd diameters. Trolley and bridge speed should be operating speeds for trolley and bridge
B s T SISV E N PRNY )

P—— in specification CMAA #70 are re-
fpm-forthe-bridgr-irrecommended: | commended for handling maximum critical
loads.

q. The complete operating control system and
provisions for emergency controls for the overhead crane

handling system should,be Tocated in he-maingibon preferably
the bridge. Addmonammwm—\ a

—<awigee should have control systems similar to .
the, ual controls for hoisting and trolley ‘—operator stations
movement may be provided on the trolley. Manual con- main station.

trois for the bridge may be located on the bridge. Re-

mote control or peadant control for any of these mo- Whenever remote control will be used, an
tions shouid be identical to thos: provided on the bridgs . emergency discomnect switch or comtrol
cab control panel.,Provisions 2nd locations should be of power to the crane should be included
providad in the design of the control systems for devices at ground-floor level. Cranes that

[0 Smesgtacs- CONLIn|, SFoberanens. LImiting devices, utilize more than one control station
mechanical .and 2leC 5 provided to | should be provided with electrical

aad control or prevent overtravel and oversceed of{~= | interlocks that permit onlvy one control
hoist (raiting ee/lowering), trolley an | station to be operable at any one time.

bridge Savelnavemaats. Buffers for bridge an’l trelley
travel should be included,”

\ } =during emergency conditions.
' & and/or

~—the

and

r.  Safety devices such as limit type switches
provided lor maifunction, inadvertent Spesaiea, Or [al-
ure should be in addition to and separate from the limit.
ing means or,Javices provideu [Of OP2ration. m-tne-atore- \

. ™
“memsiamed. These would include buffers, bumpers, and \ \ at the end ff tne rails
tavices or means provided for control of malfunction(s). V" 2;’::‘:‘1"' action
r

s. The operating requirements for ail travel
movements (vertical and horizontal movements or rota-
tion, singly or in combinaton) incorporated in the de-
sign for permanent plant cranes should be clearly de-
fined in the cperating manual for hoisting and for trolley
and brdd zer should 2stablish the max- critical load rating (MCL) and the
i - ~ ——— e margin for degradation of wear-
et i susceptible component parts.




: : ; a3 and .
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t. When the permanent plant crane is to be
used for construction and the operating requirements for

/5

CONSIrUCHon Are Aei-dentieato,tiose required [Or Sea

manent plant service, the construction operating require-
meats should be -compietely defined separately. The
crane should be designed structurally and mechanicall’
for the construction loads, plant senvice loads, and their
functional performance requirements. At the end of the
construction e e m_should
e adjustedy for the performance requirements of the
nuclear power plant service, Fhe-desiga-recuirmmeniiios
ety e e yaieedd g et b Sk bt

e e e e ey ey i

——tain After construction use, the crane should be thor-
oughly inspected by nondestructive examination and
ertarmanes - yted, owable design stress limits
to be exceeded during the construction phase,
inspection sunplementing that of regulatory position

-~ more severe

than
per=-

modified as needed

load tested for the operating phase.

The extent of nondestructive examination
the procedures used and the acceptance
criteria should be defined in the

design spacification.

for the plant operating service

C.1.d should be Saaered e

3
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e et s e ety

P s

w

Vi

B e A"

specified and developed.

The owner should perform the verifica-
tion check and testing recommended in
regulatory position C.4,

u. Installation instructions should be provided
by the manufacturer. These should include a full expla-
nation of the crane handling system, its controls, and the
limitations for the system and should cover the require-
ments for installation, testing, and preparations for oper-
ation.

™~ and operating

4. Mechentest Check, Testing, and Preventive
Maintenance

a. A complets mechanical check of all the

¢rane systems as installed should be made to verify the

T~ Verificaticn

+meihed, S TNstallation and to prepare the crane lor
testing.

During and after installation of the crane
the proper asiembly of electrical and structural com-
ponents should be verified. The integrity of ail control,
cperating, and safety systems should be verified as io
satisfaction of installation and design requirements.

The crane (esigner and crane manufacturer
should provide 2 manual of information and procedures
for use in chiecking, testing, and operating the crane. The
aswnual shonid also describe a preventive maintenance

proper




program based on the approved test results and informa- /&
tion obtained during the testing; it should include such

itemns as servicing, repair and replacement requirsments,

visual examinations, inspections, checkiag, measure-

ments, problem diagnosis, nondestructive examination,

crane performance testing, and special nstructions.

Information cancerning proof testing on
components and subsystems as required and nerformed
at the manufacturer’s plant to verify the ability of
components or subsystems to perform should be avail-
able for the checking and testing performed at the place

of installation of the crane system.
static load tested at
b. The crane system should be MCL [
(hasiaio oot | 5% omw
saould include all positions, generating maximum strain in the bridge
ooy sad badge Lasel ualh-theladisated—tand 1nd and trolley structures

other positions as recommended by the designer and

manufacturer. Aftor satisfactory completion of the

125% static test and adjustments required as a result of {
the test, the crane handling system should be full MCL

performance tests with 100% of the or

all speeds and motions for which the system is designed.

This should include verifying all limiting and safety con-

trol devices wm

The features provided for manual lowering
/ of the Joad and manual movement of the

y. : bridge and trolley during an emergency
should be tested with the MCL attached
,:'ﬂﬁ complete hoisting machinery shoui to demonstrate the ability to function
be allowed to “two block™ during the hoisting test (load as intended.
block limit and safety devices are bypassed). This test,
conducted at slow speed without load, should provide When equipped with an energy=-controlling
assurance of the integrity of the design, the equipment, device between the load and head blocks,

the controls, and the overload protection devices. The

test should demonstrate that the maximum torque that

can be deveioped by the driving system, including the

inertia of the rolating parts at the overtorgue condition, ~~ during '
will be absorbed or controlled ‘pees—te two-blockingf™———— or load hangup.
The complete hoisting machinery should be tested fot

ability to sustain a load hangup condition by a test in

which the !oad block attachin ts are secursd to a The crane maufacturer may suggest additiona.
fixed anchor or excessive load. - or substitute test procedures that will em-
—— sure the proper functioning ¢f protective

sove cver-lcad devices.

¢. The preventive maintenance program rec-
ommendad by the designer and manufacturer should
also prescebe and establisa the MC L Tor which the crane
will be used. The an‘
plainly urkad on sach side of the crane for each hoist- g

~ ™ and the margin for degradation of wear-|
susceptible ccomponeat parts.

-- L i
ing unit. It is recormmended that the crtical~load -~
,andh;%a:::u thould be continuously maintained e+ above MCL |
d. Tlx -old proof test provided for in raquic- ~3ingle

”~ s

tory positicns £.1.8.3 and 4 should consist of:ﬂw



durmmy load test as follows: Metal temperature of the
structural members essential to

the structural integricy
-*f' thc crane handling system should be at or below the
funumum  operating temperature. A cor.espon

dummy load -
mm, o L e ez

S »The cold proof

tcrst should be followed by a nondestructive examination
Uf emteaiaressinreraeie.

" B ™
5. Quality Assurance
o ATe licable
AW applicable pro-
curement documents should require the crane manul:'u- \
turer to provide a quality assurance consistent

with the pertinent provisions os y

b. The program should slse-address each of
the recommendations in regulatory positions C.], C.2.
C.3,and C.4. A

D. IMPLEMENTATION

\

~ The purpose of this section is to provide informa-
tica to applicants and licensees regarding the NRC staff's
Plans for using this regulatory guide,

/7

The crane should be retested if
lifting will be done at lower than
the qualified temperature.

cricical load (MCL).

If the desired =inimum operating
temperature cannot b2 achieved during the

test, the minimum overating temrerature
should be that of the test until the
crane is retested at a lower temperature

welds identified in regulatory position
C.l.d. The nondestructive examination
of critical areas should bde repeated

at 4-year intervals or less.

In addition to the quality assurance
program established for site assembly,
installation, and testing of the crane,

Regulatory Guide 1.28, "Quality Assurance
Program chuinments (Design and Con~
struction) to the extent necessary.

Also included should be qualification
requirements for crane cperators.



I. Except in those cases in which the applicant
proposes an altemative method for complying with spec-
ified portions of the Commission's regulations, this guide
will be used in the evaluation of design, fabrication, as-

semnbling, and use of crane systems for critical load
Mandiing ordered afie Soplemberte TR

2. For crane handling systems ordered prior to

a. Regulatory positions C.1,C.2,C.3, and C.4
will be used in evaluating crane handling systems that
heve been ordered but are not yet assembied.

b. A" culatory positions except C.1.f; C.3.¢,
f,and q will be + - in evaluating crane handling systems
that have been ..sembled or may have been used for
handling heavy loads during plant construction. Reguia-
tory positions C.1.f; C.3.c, f, and q will be used by the
NRC staff to determine the extent of chaiges or modifi-
cations necessary.

¢. Al regulatory positions except C.1.f;C.2.a,
b,¢c,andd;C3a,b,c,e,f.8).n,0,p,q,r and t will be
used in evaluating crane handling systems that will be or
“are being used to handle heavy loads that are defined as
critical. Regulatory positions C.1.f; C.2.a, b, ¢, and d.
C.J.a.b.c.c.f.‘.j,n.o.p,q,r.mdtwmbcuadby
the NRC staff to determine the extent of changes or
modifications necessary to meet the intent of the cegula-
tory positions,

“NMarch 1, 1979

March 1, 1979

‘5
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Revision 1

Appendix A, Implementation: Proposed Regulatory Guide -
Overhead Crane Handling
Systems for Nuclear Power Plants

DETAIL IMPLEMENTATION OF GUIDE FOR
QVERHEAD CRANE HANDLING SYSTEMS

Crane handling systems will be in various stages of completion or use,
and cranes that have not been assembled can more readily be adjusted
or changed to comply with the guide, while cranes presently in use
must be inspectad to determine the extent, 1f any, to which modifi-
cation or additions may be needed.

Since there are a number of ways that the functional requirements
of the guide can be achieved, the positions have been divided into
those that are readily interpretable and those that will require an
fnspection to ascertain whether the methods used on the crane meets
the intent of the guide.

The attached schematic shows crane handling systems in various stages
of completion and the corresponding interpretation of the 34 guide
positions. It appears that categories | and 2 can be combined, and
that categories 3 and 4 can also be comb.ned; however, a review of the
individual applications may be needed before such an assumption can

be substantiated.

Table I shows 12 applications for which the single-failure-proof handling
system has been chosen. The first two of these applications are
categories 1 and 2, the next 5 are categories 3 and 4, and the last

5 are category 5.

For 10 of these applications trade-offs have been made for some
regulatory positions as illustrated by the following examples:

A new trolley has been supplied because the existing trolley
was too small to accommodate a dual reeving system.

Two hoist travel limit switches have been accepted as an
alternative to designing for a two-block incident.

Electric interlock circuitry preventing movement of the
trolley and the bridoe while hefsting a load has been
accepted in lieu of "load hangups" protection.



Fleet angles larger than the | 1/2 dearees oriainally
recommended in the guide have been accepted.

A single hook (sister hook type) has been accepted
fnstead of 2 attachment points (hooks); however
the factor of safety was increased to 10:1 to
compensate for this deviation.

For a medified crane in an operating plant the
cold proof test was omitted because the minimum
ambient temperature was 700F, or equal to or above
the ?DTT +600F requirement for most structural
steels.

A 200% static load test on the components of the

reeving system has been omitted. Crane manufacturers
are not equipped to do such tests. However, the reeving
system would be desianed to sustain such a load and

the system tested at 125% at the power plant.

The 110% horsepower limitation on hoist motors has
been eliminated in favor of matching the brake
capacity with the torque developed by the drive
motors.

In some cases the fleet angle limitation has not

been adhered to because of building hight 1imitations.
But the inspection program was changed to provide
more frequent inspection of the wire rope for
potential wear or damage.



IMPLEMENTAT ION
Cranes for construction and operating, or for operating phase only

Regulatory Positions Category | Category 2 Category 3 Category 4 Category 5 Comment
C.1 a Separate Performance Spec. P P-C+0 E=£98 F-0 P-0
b Operating Favironment, NOTT P P 1 -A I - A I - A Alternate NOIT test or cold proof test
e Seismic Classification P P 4 4 P
d NDE - Lawellar Tearing P P P P P
e fFatigue Anal. P P P P P
f  Preheal-Postheat-Welding P P I -A I -A E-A Additional NDE
r2 i“~M('r7ls-mlcoi7§!o lolding — P B o P REAE i ee
sition
b Aux. Syst., Dua! Comp. lmmob. P P P P 1-A
Position
¢ Means for Repairing 14 P P P i~
d Design for safely while P P L4 P I -A
repairing For those latory positions marked A
| . L the degree of compliance with the
€3 a Dual Load Attach. Pointe S K ] | 12 TR quide cannot be determined until a
b Lifting Devices-kKedurdant P P P P I - A detail inspection has been made of
Design the installed crane handling system.
¢ Dual hoisting eq. p P I-A I-A I-A Subsequent Lo an inspection, the
d Head-load Block balance P P P P P need for adjustment can be determined.
e Dual Reeving System P P P P  ahl
f Fieet angles P P I-A = I -A
g 200% static design test P P P P 1 -A
h  Sensor overspeed-overioading P P P P P
etc.
i Motor control system P P P P P
J Two-blocking-alterrative P P P P I=«4
k Drum protection P L4 P P P
1 Excessive maetor torgue P P P P P Symbols:
m Hoisting brakes - holding P P P P P P rmk position applies
brakes I:  intent applies
n Dynamic-static alignment P P P P -8 A adjustment when necessary
o Increment drives P P p p 1 - A C: construction
p Trolley ¢ Bridge mctors P P P P I - A 0: operating phase
q Cab located controls P P I -A >N I -A NOE:  nondestructive examinastion
r Safety devices, limil devices P r P P 1-A NDIT: nil-ductility transition
s Operating Manuals - MCL P P P P P temperature
t Change from Coastr teo P P P P I - A
Operating
u Installation Instructions P P P P P
€4 a Verification Check 13 P P ge o e ok
b 125% Static Test (2-block) P P P P P
¢ Preventive Maintenance Program p P 3 P P
Cesign not Desi Crane as- Crane as- Crane used
compl'd or compl'd or sembled and sembled and for operating
Categories roved, appr'd fabr installed at  installed, phase in
fabrication started or site, but not construct- operating
not started compl'd, used fon se plant
component completed,
parts ready not con-
for assemb- verted to
Ying. operating
(shop or Phase



PLANT NAME

Cooper

South Texas 1 & 2
Vermont Yankee
Palisades

Big Rock

Oconee 1 & 2
Farley 1 & 2
Brunswick
Millstone 1
Montecello
Dresden 2 & 3
Quad Cities 1 & 2

schematic.

PLANTS FOR WHICH SINGLE-FAILURE-PROOF
CRANES HAVE BEEN ACCEPTED

REACTOR TYPE

BWR
PWR
BWR
PWR
BWR
BWR
PWR
BWR
BWR
BWR
BWR
BWR

LICENSING STATE

Operating
cp
Operating
Operating
Operating
Operating
OL Review
Post-0L
Operating
Operating
Operating
Oper. ‘ng

CATEGORY*

1-2
1-2
3-4
3-4
3-4
3-4
3-4

o o o O

*Categorization of OVERHEAD CRANE HANDLING SYSTEMS is shown in the attached



